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(57) ABSTRACT

Embodiments of the present disclosure provide a method and
system for sharing information between a first computing
device and a second computing device. In the described
embodiments, an optical label, such as, for example a QR
code, 1s generated on the first computing device. In embodi-
ments, the optical label 1s color encoded and displayed 1n such
a way that the optical label 1s not perceptible to a user. The
second computing device may capture the encoded optical
label and subject the captured 1images to a processing tech-
nique that decodes the encoded optical label.
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INVISIBLE OPTICAL LABEL FOR
TRANSMITTING INFORMATION BETWEEN
COMPUTING DEVICES

TECHNICAL FIELD

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/339,754, filed Jul. 24, 2014, entitled “Invis-
ible Optical Label for Transmitting Information Between
Computing Devices,” the contents of which are incorporated
by reference as if fully recited herein.

TECHNICAL FIELD

The present disclosure 1s directed to using an optical label,
such as a Quick Response (QR) code for transmitting infor-
mation between computing devices. More specifically, the
present disclosure 1s directed to generating and displaying an
optical label on one computing device that 1s invisible or
otherwise not perceptible by a human eye but 1s visible to a
second computing device that 1s to recerve information from
the first computing device.

BACKGROUND

Typically, data matrix codes, Quick Response ((QR) codes,
bar codes and the like, enable a computing device to deter-
mine various types of information. For example, if a QR Code
1s present on a product, the QR code may be read by a bar code
reader and provide the computing device information about
the particular product. While these types of codes are useful in
providing information about a particular product or device
that 1s associated with the code, the aesthetics of the code may
not be pleasing. For example, a QR code 1s typically a square
symbol. Information 1s encoded 1n the intensity of square
modules that make up the symbol. Because the look of these
codes may not be aesthetically pleasing, the use of such codes
may be restricted to products in which design characteristics
and aesthetics may be secondary considerations.

It 1s with respect to these and other general considerations
that embodiments have been made. Although relatively spe-
cific problems have been discussed, it should be understood
that the embodiments should not be limited to solving the
specific problems 1dentified 1n the background.

SUMMARY

This summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description section. This summary i1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

Embodiments of the present disclosure provide a method
for transmitting information between a first computing device
and a second computing device. The method includes gener-
ating an optical label on the first computing device. In
embodiments, the optical label may be a machine readable
code, a one or two dimensional information symbol and the
like. Non-limiting examples include a data matrix code, a bar
code, a QR code and so on. In embodiments, the optical label
1s color coded and output on a display of the first computing
device 1n such a way that the optical label 1s not perceptible to
a user when displayed. More specifically, when the optical
label 1s output on the display of the first computing device, the
optical label 1s color encoded and displayed 1n alternating
frames.
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For example, a first frame of the optical label 1s encoded
using a first set of colors and a second frame of the optical
label 1s encoded using a second set of colors. More specifi-
cally, a first portion of the first frame of the optical label 1s
encoded 1n a first color and a second portion of the first frame
ol the optical label 1s encoded 1n a second color. Further, a first
portion of the second frame of the optical label 1s encoded 1n
a third color and a second portion of the second frame of the
optical label 1s encoded in a fourth color. As will be explained
below, each of the first color and the third color offset one
another and each of the second color and the fourth color
offset one another. As a result, when the first computing
device displays the alternating frames at a determined fre-
quency, the colors of the encoded optical label cancel each
other out and the optical label 1s not perceptible by a user of
the first computing device.

Also disclosed herein 1s a method for pairing a first device
with a second device. The method for pairing the first device
with the second device includes capturing alternating frames
ol an optical label that 1s displayed on the first device. In
embodiments, the alternating frames of the optical label are
displayed at a first frequency. Further, the alternating frames
of the optical label are captured by the second device at a
second frequency. In embodiments, the second frequency
may be lower than twice a cycle frequency. Once the optical
label has been captured by the second device, the second
device processes the captured alternating frames to determine
and recreate the originally generated optical label. The rec-
reated optical label may then be used to pair the second device
with the first device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1B illustrate exemplary computing devices that
may be used to transmit data using the optical label disclosed
in the embodiments of the present disclosure;

FIG. 2A illustrates an exemplary background image and
optical label that 1s output on a display of a computing device
according to one or more embodiments of the present disclo-
SUre;

FIGS. 2B-2FE 1illustrate alternating frames of an optical
label having colors 1n opposition according to one or more
embodiments of the present disclosure;

FIG. 3 illustrates a method for generating, encoding and
displaying an optical label on a display of a computing device
according to one or more embodiments of the present disclo-
Sure;

FI1G. 4 1llustrates a method for decoding captured frames of
an optical label according to one or more embodiments of the
present disclosure;

FIG. § 1s a block diagram illustrating example physical
components of an computing device that may be used with
one or more embodiments of the present disclosure; and

FIG. 6 1s simplified block diagram of a computing device
that may be used with one or more embodiments of the
present disclosure.

DETAILED DESCRIPTION

Various embodiments are described more fully below with
reference to the accompanying drawings, which form a part
hereof, and which show specific exemplary embodiments.
However, embodiments may be implemented 1n many differ-
ent forms and should not be construed as limited to the
embodiments set forth herein.

Oftentimes, a first computing device may need to share
information with a second computing device. In one example,
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a first computing device may need to be paired with a second
computing device. Pairing 1s a process 1n which two comput-
ing devices establish a communication channel with each
other. Once the communication channel 1s established, each
computing device may share information with the other.
Common examples of pairing between devices include a
BLUETOOTH pairing of a mobile phone with another device
such as, for example, another mobile telephone, a car stereo,
headphones and the like. In other examples multiple comput-
ers may be paired together.

Typically, when one device 1s paired with another, a first
device enters a discovery mode. While 1n the discovery mode,
the device searches for another device to which 1t can connect.
Once the to-be-paired device has been discovered and
selected for pairing, one device may proceed to authenticate
the other device such as, for example, by asking for a passkey
or password.

As will be explained 1n greater detail below, embodiments
ol the present disclosure are directed to using an optical label,
such as, for example, machine readable code, a one or two
dimensional information symbol, an Aztec code, a data
matrix code, a QR code, a bar code and so on, to transmit
information between computing devices. As will be
explained below, this information may be used to pair a first
computing device with a second computing device. However,
because these optical labels may not be aesthetically pleasing,
to individual users, the optical label disclosed herein 1s not
perceptible or 1s otherwise 1nvisible to a user. However, the
optical label 1s visible or otherwise perceptible to a sensor
associated with the computing device that 1s receving the
information or that 1s to be paired with the first computing
device.

In embodiments, the optical label 1s generated on a first
computing device. The optical label includes information that
may be used to pair the first computing device with the second
computing device. Once the optical label has been generated
by the first computing device, the optical label 1s output on a
display of the first computing device. For example, the optical
label may be output on the display as a background image or
as part of a background 1image on the first computing device.
As will be further explained below, the optical label may be
output on the display as two alternating frames that are dis-
played at a fast rate such as, for example, sixty frames per
second.

More specifically, when the optical label 1s output on the
display, each frame 1s optically encoded 1n one or more
images that are present on the display of the computing
device. For example, each frame 1s encoded using particular
colors that when averaged, blend in with the displayed
images. As a result, when the frames of the optical label are
displayed in rapid alternation, the colors of each frame cancel
cach other out.

As will be explained in greater detail below, the patterns of
the optical label are encoded 1n a chrominance space while the
luminance of each of the frames remains constant. As a
human eye 1s more sensitive to luminance than chrominance,
the change in the chrominance space will not be, or likely not
be, perceived by a user.

Asthe optical label 1s being output on the display of the first
computing device, a sensor, such as, for example, an 1mage
sensor, on a second computing device 1s able to read the
optical label. More specifically, the sensor of the second
computing device captures the alternating frames of the opti-
cal label. In embodiments, the rate of capture is less than the
signal frequency at which the optical label 1s being output on
the display of the first computing device. For example, if the
frames of the optical label are being output on the display of
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the first computing device at sixty frames per second, the
second computing device may capture the frames of the opti-
cal label at a rate of thirty-five frames per second. In other
embodiments, the rate of capture may be higher than the
signal frequency, such as, for example twice the signal fre-
quency or higher.

Once the frames have been captured over a specified time
period, the second computing device processes the captured
images to obtain a representation of the optical label and may
use the representation of the optical label to obtain the infor-
mation that was transmitted by the first computing device. For
example, 1f the optical label 1s used to pair the devices, the
representation of the optical label may be processed by an
optical label detector and decoder and the paring between the
first computing device and the second computing device may
OCCUL.

FIG. 1A and FIG. 1B illustrate exemplary computing
devices 100 and 150 respectively that may exchange infor-
mation and/or be paired together using the optical label dis-
closed herein. In certain embodiments, each of the computing
devices 100 and 150 may be portable computing devices. For
example, the computing devices 100 and 150 may be mobile
telephones. In another embodiment, the computing devices
100 and 150 may be wearable computing devices. In still yet
other embodiments, computing device 100 may be a wearable
computing device and computing device 150 may be amobile
telephone. Although specific examples have been given, com-
puting device 100 and computing device 150 may be various
types of computing devices. For example, the computing
devices of the present disclosure may be tablet computers,
laptop computers, time keeping devices, computerized
glasses, navigation devices, sports devices, portable music
players, health devices, medical devices and the like.

As shown 1n FIG. 1A and FIG. 1B, computing device 100
may include a display 110. The display 110 may be used to
provide or otherwise output information that 1s stored in a
memory of the computing device 100. For example, the dis-
play 110 may present information corresponding to one or
more applications that are executed or stored on the comput-
ing device 100. Such applications may include email appli-
cations, phone applications, calendaring applications, game
applications, time keeping applications and the like.

In addition, the display 110 of the computing device 100
may be configured to output an optical label in one or more
images that are presented on the display 110. Although a
display 1s specifically mentioned, the optical label of the
present disclosure may be output on any display mechanism.
The optical label may be machine readable code, a one or two
dimensional symbol, an Aztec code, a data matrix code, a
binary code, an-level code, a QR code, a bar code or any other
optical information, type of code or digital representation of
information that takes the form of a non-alphanumeric pat-
tern. In other embodiments, the optical label may be made up
ol alphanumeric patterns. The optical label may be used to
enable computing device 100 to share information with or be
paired with computing device 150 and/or vice versa. In other
embodiments, the optical label may be used for authentica-
tion and security purposes, to verily purchases of particular
products, soitware or media verification and so on.

The optical label of the present disclosure may be gener-
ated by the computing device 100 1n response to a recerved
command. In other embodiments, the optical label may be
generated by the first computing device 100 when the com-
puting device 100 1s placed near or within a predetermined
distance from the computing device 150. The optical label
may include information that 1s needed to establish a secure
connection between the computing device 100 and the com-
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puting device 150. For example, the optical label may include
a particular byte sequence of a defined length that 1s used to
establish a secure handshake between the computing device
100 and the computing device 150.

Once the optical label has been generated, the computing
device 100 may output the optical label on the display 110.
For example, the optical label, or portions of the optical label,
may be present or embedded 1n various types of images on the
display 110. For example, the optical label, or portions of the
optical label may be included or embedded 1n an icon, a
wallpaper or other background 1mage, a lock screen or any
other static or dynamic 1mage that 1s output on the display
110. However, although the optical label may be included as
part of the images that are output on the display 110, the
optical label may be 1nvisible or otherwise not perceptible to
a user such as will be described below.

In embodiments, the optical label 1s displayed 1n alternat-
ing frames at a frequency that does not cause flicker on the
display 110. For example, the frames of the optical label may
be output on the display at approximately sixty frames per
second although other frequencies may be used. Further, each
alternating frame may be encoded with a particular color.
Thus, as the frames are output at the given frequency, the
colors of each frame cancel each other out or otherwise cause
the optical label to appear as 11 1t 1s part of the 1images that are
presently output on the display 110. More specifically, each
frame may be encoded with a particular set of colors with
specific properties such that the colors from the first frame
and the corresponding colors from the second, alternating
frame, are perceptually neutral when averaged by the human
eye.

Once the optical label has been output on the display 110,
the computing device 150 may be positioned with respect to
the display 110 such that a sensor 160 associated with the
computing device 150 may capture the alternating frames of
the optical label that are output on the display 110. In embodi-
ments, the sensor 160 may be an 1mage sensor such as a
camera or other such device that enables the computing
device 150 to capture the alternating frames of the optical
label.

The sensor 160 may capture the alternating frames of the
optical label at a frame rate that 1s less than the frequency at
which the frames of the optical label are being output on the
display. For example, i1 the alternating frames of the optical
label are output on the display at sixty frames per second, the
sensor 160 may capture the images between approximately
twenty frames per second and forty frames per second. In
another embodiment, the sensor 160 may capture the alter-
nating frames of the optical label at a frame rate that 1s equal
to or substantially equal to the frequency at which the frames
of the optical label are being displayed.

In still yet another embodiment, the sensor 160 of the
computing device 150 may capture the alternating frames of
the optical label at a frame rate that 1s greater than the fre-
quency at which the frames of the optical label are being
output on the display 110 of the computing device 100. For
example, 1 the frames of the optical label are being displayed
at sixty frames per second, the sensor 160 of the computing
device 150 may capture the frames of the optical label at a
frequency of, sixty-one frames per second, sixty-two frames
per second or even one hundred and twenty frames per second
among others.

Once the frames of the optical label have been captured by
the sensor 160 of the computing device 150, the sequence of
captured 1mages are processed and decoded. More specifi-
cally, the computing device processes the captured images to
reconstruct the optical label that was originally generated by
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the computing device 100. For example, 11 the original optical
label was a QR code consisting of dark squares on a light
background (or light squares on a dark background), the
computing device 150 would reconstruct a copy of the origi-
nally generated QR code. Once the optical label has been
reconstructed, the reconstructed optical label may be pro-
vided to an optical label decoder and used to pair the com-
puting device 100 with computing device 150.

Although not shown in FIG. 1A and FIG. 1B, the comput-

ing device 100 and the computing device 150 may include
additional sensors and other components. For example, each
computing device may include a microphone, a processor, a
memory, a haptic actuator, a light source and other such
components. These specific components, as well as other
components of an exemplary computing device are shown
below with respect to FIG. 5 and FIG. 6. In embodiments,
cach computing device 100 and 150 may include multiple
components of the same or similar type. For example, the
computing device 100 may include multiple sensors such as
multiple cameras, multiple processors and so on.

Further, the computing device 100 and the computing
device 150 may include other components not shown or
described above. For example, the computing device 100 may
include a keyboard or other input mechanism. Additionally,
the computing device 100 may include one or more compo-
nents that enable the computing device 100 to connect to the
internet and/or access one or more remote databases or stor-
age devices. The computing device 100 may also enable
communication over wireless media such as acoustic, radio
frequency (RF), infrared, and other wireless media mediums.
Such communication channels may enable the computing
device 100 and computing device 150 to remotely connect
and communicate with each other or with one or more addi-
tional devices such as, for example, a laptop computer, tablet
computer, personal digital assistant, portable music player,
speakers and/or headphones and the like.

The computing device 100 and computing device 150 may
also be configured to provide haptic output to notify a user of
cach computing device of a particular condition of the com-
puting device. For example, computing device 100 may pro-
vide a haptic output, a visual notification, an auditory notifi-
cation or a combination thereof to notify a user that the
computing device has generated and 1s displaying an optical
label. Likewise, computing device 150 may be configured
output similar notification when the pairing between the
devices has completed.

FIG. 1B illustrates an alternative embodiment in which
computing device 100 and computing device 150 may be
paired together using the optical label of the present disclo-
sure. As shown in FIG. 1B, computing device 100 may
include a display 110 such as described above. Likewise,
computing device 150 may also include a display 180. As
with computing device 100, computing device 150 may be
configured to generate and output an optical label on the
display 180. In embodiments, the optical label may be gen-
crated, encoded and output on the display 180 such as
described herein.

Once an optical label has been output on display 180, a
sensor 120 associated with computing device 100 may cap-
ture the optical label that 1s output on the display 180. Like-
wise, a sensor 170 associated with the computing device 150
may capture the optical label that 1s generated by the com-
puting device 100 and output on display 110. In embodi-
ments, sensor 120 and sensor 170 may be image sensors, such
as, for example a camera or other device that enables each
computing device 100 and 150 to capture optical output.
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Once each sensor 120 and 170 have captured the frames of
the optical label provided by the other computing device, each
computing device 100 and 150 processes their respective
captured 1mages. When the captured images have been pro-
cessed and each optical label has been reconstructed, the
optical labels may be used to pair the computing device 100
with computing device 150 and vice versa.

In embodiments, each computing device 100 and 150 may
be configured to generate and display their respective optical
labels 1n sequence. For example, computing device 100 may
generate and display 1ts optical label at a first time. As the
optical label 1s being output on the display 110, the sensor 170
associated with computing device 150 may capture the
sequence of 1mages and reconstruct the optical label gener-
ated by the computing device 100. In embodiments, the dis-
play, capturing and reconstruction of the optical label may be
performed 1n real-time or substantially real time. For
example, as the computing device 100 1s outputting the opti-
cal label, the computing device 150 may be reading and
providing the received optical label to a processor 1n order to
obtain the information associated with the optical label. The
computing device 150 may then generate, encode and output
an optical label on 1ts display 180 at a second time. When the
optical label 1s output on the display 180, sensor 120 may
capture the displayed optical label and process the captured
images such as described herein to recreate the optical label
generated by the computing device 150. In other embodi-
ments, the mutual pairing of the computing devices 100 and
150 may occur simultaneously or substantially simulta-
neously.

FIG. 2A 1llustrates an exemplary background image 205
that 1s output on a display of a computing device according to
one or more embodiments of the present disclosure. More
specifically, FIG. 2A illustrates various frames of an optical
label 200 that 1s chroma encoded 1n background image 2035
that 1s output on a display of a computing device. In embodi-
ments, the optical label 200 such as shown 1n FIG. 2 may be
the optical label that 1s described with respect to FIGS. 1A-1B
and FIGS. 3-6. Although embodiments disclosed herein dis-
cuss the chroma space, the processes described herein may

also be used with luminance and/or with a combination of
chrominance and luminance. However, as the human eye 1s
more sensitive to luminance, the distance from a target value
when offsetting the colors (such as will be described below)
may be smaller and/or the display frequency of the optical
label may need to be higher.

In embodiments, the optical label 200 may be a data matrix
code, a QR code, a bar code, a one or two dimensional
symbol, an Aztec code and so on. In other embodiments, the
optical label 200 may be a binary code, n-level code or any
other optical code that may be read by a computing device. As
such, the optical label 200 may include light portions and dark
portions and may be arranged 1n a particular pattern. For
example, 1f the optical label 200 1s a QR code, the QR code
would consist of light squares on dark background, dark
squares on a light background, or other color combinations.
In embodiments, the pattern of the optical label 200 and the
shapes used in the optical label may vary.

In addition, the optical label 200 may be static or dynamic
with respect to the device that generates the optical label 200.
For example, when a request 1s recerved to generate the opti-
cal label 200, such as, for example 1n response to a user
request or 1n response to a received request from another
device, the computing device may display an optical label 200
that was previously generated or 1s constant with respect to
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the computing device. In another embodiment, the computing
device may generate a new optical label 200 each time a
request 1s recerved.

Once the optical label 200 has been generated, the com-
puting device that generated the optical label 200 temporally
encodes two distinct frames of the optical label 200 with
various colors 1n a chroma space. More specifically, a first
frame 210 of the optical label 200 1s encoded using temporal
chroma encoding such that the dark portions of the optical
label 200 are encoded using a first color and the light portions
of the optical label 200 are encoded using a second color.
Likewise, a second frame 220 of the optical label 200 1s
temporally chroma encoded 1 a similar manner. For
example, the dark portions of the second frame 220 of the
optical label 200 are chroma encoded using a third color and
the light portions of the second frame 220 of the optical
encoder are temporally chroma encoded using a fourth color.

In embodiments, the first color and the second color are 1in
opposition to the third color and the fourth color respectively.
For example, the colors are in opposition to each other 1n any
perceptually meaningiul color space, such that their arith-
metic mean 1s at or near a target value. Thus, when the tem-
poral average of the colors 1n opposition 1s determined, the
temporal average would be a color without chroma (e.g.,
gray). For example, the first and second colors may be blue
and magenta while the third and fourth colors are orange and
green. As blue and orange are in opposition and as magenta
and green are 1n opposition, the temporal average of the colors
1S gray.

Although specific colors are mentioned, any colors may be
used to encode the alternating frames of the optical label 200
so long as the colors selected are 1n opposition according to
some desired psychovisual perceptual metric. Further,
although the temporal average in the above example 1is
equivalent to gray, the temporal average of the selected colors
may be equivalent to any image color. Thus, 11 the background
image 205 on which the optical label 200 1s placed 1s blue, the
temporal average ol the opposing colors of the first frame 210
and the second frame 220 will also be blue. As a result, the
optical label 200 will not be perceptible to a user when the
optical label 200 1s present on the image 205 such as shown 1n
frame 230. In addition, 1f a portion of the optical label 200 1s
on a first color and another portion of the optical label 200 1s
on a second color, the temporal average of each portion of the
optical label 200 that overlap the various colors will be cal-
culated accordingly. Thus, the optical label 200 may be
embedded 1n a static graphic, image or background, or a
dynamic graphic, image or background.

Once the first frame 210 and the second frame 220 have
been encoded 1n the manner described above, the frames are
alternately output on a display. In certain embodiments, the
first frame 210 and the second frame 220 are output on the
display at a rate of approximately sixty frames per second
although other frequencies may be used. Display of the alter-
nating frames 210 and 220 causes the optical label 200 to
blend 1n with the background image 205 that 1s output on the
display or otherwise causes the optical label 200 to not be
perceptible by a user such as shown 1n frame 230.

FIGS. 2B-2FE 1illustrate alternating frames of an optical
label, such as, for example, optical label 200, having colors 1n
opposition according to one or more embodiments of the
present disclosure. More specifically, FIG. 2B illustrates a
first frame 250 of an optical label having two colors 252 and
254 1n a color space. Likewise, FIG. 2C illustrates a second
frame 260 of an optical label having two colors 262 and 264
in the color space. As the first frame 250 and the second frame
260 alternate, the color 252 offsets the color 262 1n a chroma
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space such as shown in FIG. 2E. Likewise the color 254
olfsets the color 264 1n a chroma color space as also shown 1n
FIG. 2E. The resulting image 270 of the alternating frames
250 and 260, such as shown 1n FIG. 2D 1s a color 272 without
chroma.

For example, as shown 1n FIG. 2E, each of the colors 1n a
color space are 1n opposition along different axis of a color
space. As aresult, the temporal average of the colors 252, 254,
262 and 264 yield a color 272 without chroma. Although the
temporal average discussed above 1s a color without chroma,
the temporal average of the four colors may be any color
having various chrominance values and/or luminance values.
For example, the temporal average of the four colors may be
any color that matches various colors of displayed images that
are output on display of a computing device.

FIG. 3 illustrates a method 300 for generating, encoding,
and displaying an optical label according to one or more
embodiments of the present disclosure. In embodiments, the
method 300 may be used for generating, encoding and dis-
playing the optical label shown and described above with
reference to FIGS. 1A-2.

Method 300 begins when an optical label 1s generated. In
embodiments, the optical label may be generated by a first
computing device that 1s to transmit information to, or be
paired with a second computing device. For example, the
optical label may be used to convey information in a human-
imperceptible but machine-perceptible manner. The optical
label may be generated 1n response to a receirved command.
The recerved command may be from a user, an application, or
from the second device. For example, when the first device 1s
placed within a predetermined distance from the second
device, the first device may receive a request to generate an
optical label. In another embodiment, the first device may
receive a pair command from a user or application. When
such a command 1s recerved, the optical label may be gener-
ated.

In certain embodiments, the optical label may be machine
readable code, a one or two dimensional information symbol,
a data matrix code, a bar code, a QR code or other optical
representation of data such as described above. The optical
label may be generated using a variety of different patterns,
colors and so on.

Once the optical label has been generated, flow proceeds to
operation 320 1n which two frames of the optical label are
temporally chroma encoded. More specifically, the optical
label 1s divided into two distinct frames. Each distinct frame
of the optical label 1s undergoes a temporal encoding process.
For example, a first frame of the optical label 1s encoded using
temporal chroma encoding such that a first portion of the first
frame of the optical label 1s encoded using a first color. Fur-
ther, a second portion of the first frame of the optical label 1s
encoded using a second color. Likewise, a second frame of the
optical label undergoes a temporal chroma encoding process
in which a first portion of the second frame of the optical label
1s chroma encoded using a third color. In addition, a second
portion of the second frame of the optical encoder 1s chroma
encoded using a fourth color.

In embodiments, the first color and the second color are 1n
opposition to the third color and the fourth color respectively.
Thus, when the temporal average of the first color and the
third color 1s calculated, the temporal average would be a
color without chroma. Likewise, when the temporal average
of the second color and the fourth color 1s calculated, the
temporal average of the second color and the fourth color 1s
also a color without chroma (e.g., gray).

Furthering the example, the first and second colors may be
blue and magenta while the third and fourth colors may be
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orange and green. Blue and orange are 1n opposition to each
other 1n a chroma space and magenta and green are also 1n
opposition 1n the chroma space. As such, the temporal aver-
age of the colors 1s gray.

Although the temporal average discussed above 1s a color
without chroma, the temporal average of each of the four
colors may be any color. More specifically, the temporal
average ol the four colors may be any color that matches
various colors of displayed images that are output on display
of a computing device.

For example, 1f the image on which the optical label 1s to be
encoded 1n 1s blue, the temporal average of the opposing
colors of the first frame and the second frame may also be
blue. In addition, 1f a portion of the optical label 1s to be
encoded 1n an 1mage having multiple colors, each portion of
the optical label will have a temporal average that matches the
overlapped portion of the image. As a result, the optical label
may be embedded 1n a static graphic, image or background, or
a dynamic graphic, image or background such as, for example
an ammation, slideshow, streaming media and other such
content and the like.

Once the first frame and the second frame have been
encoded, flow proceeds to operation 330 1n which the first
frame and the second frame are alternately output on a display
of the computing device. In embodiments, the frequency of
the displayed frames 1s approximately sixty frames per sec-
ond. However, the frequency may be greater than sixty frames
per second or less than sixty frames per second.

In embodiments, the frequency rate may be any rate which
cnables the alternating frames of the optical label to blend 1n
with the displayed images so as to not be perceptible by a user.
Further, the speed or frequency at which the frames are dis-
played may be selected based on a speed that reduces or
otherwise eliminates any flicker that may be caused by alter-
nating the frames.

FIG. 4 1llustrates a method 400 for decoding captured
frames of an optical label according to one or more embodi-
ments of the present disclosure. In embodiments, the method
400 may be used by electronic device 100 and/or electronic
device 150 shown and described with respect to FIG. 1A and
FIG. 1B. Further, the method 400 may be used to receive and
decode an encoded optical label such as optical label 200
described above with respect to FIG. 2. Further, the method
400 may be used to decode and optical label such as an optical
label that 1s generated, encoded and displayed with respect to
method 300 described with respect to FIG. 3.

Method 400 begins when a computing device that 1s to be
paired with a source computing device receives 410 or cap-
tures a series of 1mages ifrom the source computing device.
The source computing device may be a time keeping device,
a mobile phone, table computer, personal digital assistant,
health device and so on. Further, the source computing device
may be displaying an encoded optical label that has been
temporally chroma encoded such that the optical label 1s not
perceptible by a user but 1s perceptible by an image sensor of
the computing device.

In order to receive the image provided by the source device,
the computing device, and more specifically the image sensor
of the computing device, may be placed 1n an orientation that
cnables the 1image sensor to capture a display of the source
computing device. As discussed above, the display of the
source computing device may be outputting or otherwise
displaying the encoded optical label. In embodiments, the
encoded optical label 1s being displayed as alternating frames
having ofisetting colors. Further, the encoded optical label 1s
being displayed at a particular frequency such as, for example
s1xty frames per second.
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In embodiments, the 1mage sensor that 1s pointing at the
display of the source computing device captures the displayed
image sequence (e.g., the alternating frames of the optical
label) at a frequency that 1s less than the frequency at which
the alternating frames of the optical label are being displayed.

Continuing with the example above, 11 the frames of the
encoded optical label are being displayed at a frequency of
s1xty frames per second, the 1image sensor may be capturing
the sequence of 1images at a rate of thirty-five frames per
second. Although a specific capture rate 1s discussed, 1n some
embodiments, the capture rate may be between twenty and
forty frames per second although other capture rates are con-
templated. In embodiments, the sequence of 1mages 1s cap-
tured over a time t. Once the image has been captured over the
time t, the optical label may be processed and reconstructed
by the computing device.

In some instances, the image that 1s captured by the image
sensor of the computing device may be distorted due to a
number of factors. For example, distance between the source
computing and the capturing computing device may atfect the
amount of noise, and more specifically chroma noise (e.g.,
induced colors 1n the captured image that may corrupt the
signal) that occurs during capture. Moire patterns may also
cause corruption 1n the signal. Other factors that may aflect
the amount of noise present 1n the captured sequence of
images includes the angle between the source computing
device and the capturing computing device, the resolution of
the display of the source computing device, the resolution of
the 1mage sensor of the capturing computing device and so on.

In order to account for this added noise, certain embodi-
ments provide that a filtering process occurs for each captured
sequence. As the temporal characteristics ol noise 1s different
than the temporal characteristics of the optical label the com-
puting device 1s recerving, a filtering process may be used to
determine which of the signals are noise and which signals
represent the optical label. More specifically, the temporal
characteristics of each captured 1image, or more specifically
the temporal characteristics of each pixel in each captured
image, may be compared against an expected, anticipated or
actual temporal characteristic of the received image. If the
determined temporal characteristic of an 1image, or the deter-
mined temporal characteristic of a pixel 1n the 1image, 1s not
within a determined threshold, that particular image or pixel
in the 1mage may be ignored. In other embodiments, the
particular image or pixel may be modified, further processed,
or factored into the analysis for future captured 1mages or
pixels.

Once the image has been captured over a given time period
t, flow of the method 400 proceeds to operation 420 in which
the temporal average of the sequence of captured 1mages 1s
determined. In embodiments, the calculated temporal aver-
age ol the sequence of images will give a representation of the
background 1mage or images the optical label 1s encoded 1n.

Flow then proceeds to operation 430 1n which the temporal
average of the sequence of 1mages 1s subtracted from the
sequence of captured images. Such a calculation yields a
representation of what 1s changing in the captured sequence
of 1images. Thus, a result of this operation 1s a representation
of the chroma encoded optical label that was encoded 1n the
background 1mage of the source computing device.

Operation 440 provides that a color space conversion 1s
then performed on the representation of the optical label.
More specifically, the image sensor of the computing device
may be configured to capture the sequence of images from the
source computing device using an RGB format. However, 1n
order to accurately reconstruct the originally generated opti-
cal label, the luminance and chrominance 1n the representa-
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tion of the optical label captured 1n the sequence of 1images
may need to be separated. However, this separation may not
occur 1n an RGB format. As such, a color space conversion
occurs 1n which the RGB values of the representation of the
optical label are converted into a YCbCr format or other such
format 1n which luminance and chrominance may be sepa-
rated.

Once the color space conversion occurs, flow proceeds to
operation 450 and a determination 1s made as to which quad-
rants 1 a two dimensional chroma plane each pixel of the
representation of the optical label occupies. Once the place-
ment of each pixel 1s determined, a further determination 1s
made as to whether the color of each of the pixels 1s greater
than a threshold distance away from the average color of the
received 1mage. More specifically, the color vector of each
pixel 1s analyzed to determine how far away the pixel 1s from
the origin of the chroma space. If the placement of the pixel 1s
equivalent to or beyond the threshold distance from the origin
of the chroma space, and the pixel lies 1n the quadrant of the
chroma space in which it was encoded, each pixel 1s assigned
an encoded value. In some 1nstances, the encoded value 1s
either a zero or a one. As a result of this process, the repre-
sentation of the optical label 1s now a noisy representation of
the originally generated optical label (e.g., a noisy QR code
consisting of black squares on a white background).

Flow then proceeds to operation 460 1n which a temporal
integration process 1s performed on the representation of the
originally generated optical label. In this process, the average
signal over the time t of each pixel of the noisy representation
of the originally generated optical label 1s determined.

Once this process has completed, flow proceeds to opera-
tion 470 1n which a binary determination 1s made as to the
final representation of the optical label. For example, 11 the
original optical label was a QR code, each pixel in the repre-
sentation of the optical label 1s analyzed and a determination
1s made as to whether the particular pixel 1s a white portion of
the QR code or a black portion of the QR code.

When the original optical label has been reconstructed, the
reconstructed optical label 1s provided 480 to an optical label
detector of the computing device. Once the optical label has
been provided to and read by the optical label detector, the
computing device may be paired with the source computing
device.

FIG. § 1s a block diagram illustrating exemplary compo-
nents, such as, for example, hardware components of a com-
puting device 500 according to one or more embodiments of
the present disclosure. In certain embodiments, the comput-
ing device 300 may be similar to the computing device 100
and the computing device 150 described above with respectto
FIG. 1A and FIG. 1B. Although various components of the
computing device 500 are shown, connections and commu-
nication channels between each of the components are omit-
ted for stmplicity.

In a basic configuration, the computing device 500 may
include at least one processor 505 and an associated memory
510. The memory 510 may include, but 1s not limited to,
volatile storage such as random access memory, non-volatile
storage such as read-only memory, flash memory, or any
combination thereof. The memory 510 may store an operat-
ing system 515 and one or more program modules 520 suit-
able for running soitware applications 555. The operating
system 515 may be configured to control the computing
device 500 and/or one or more software applications 555
being executed by the operating system 515. The program
modules 520 or software applications 355 may include mod-
ules and programs for generating, encoding and displaying
the optical labels disclosed herein. Further, the program mod-
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ules 520 and the software applications 535 may enable the
computing device 500 to read and process an encoded optical
label such as described above.

The computing device 500 may have additional features or
functionality than those expressly described herein. For
example, the computing device 500 may also include addi-
tional data storage devices, removable and non-removable,
such as, for example, magnetic disks, optical disks, or tape.
Exemplary storage devices are 1llustrated 1n FIG. 5 by remov-
able storage device 525 and a non-removable storage device
530.

In certain embodiments, various program modules and
data files may be stored in the system memory 510. The
program modules 520 and the processor 505 may perform

processes that include one or more of the operations of meth-
ods 300 and 400 shown and described with respect to FIG. 3

and FIG. 4.

As also shown 1n FIG. 5, the computing device 500 may
include one or more mput devices 535. The mnput devices 535
may 1nclude a keyboard, a mouse, a pen or stylus, a sound
input device, a touch mput device, and the like. The comput-
ing device 500 may also include one or more output devices
540. The output devices 540 may include a display, one or
more speakers, a printer, and the like. The computing device
500 may also include one or more haptic actuators 560 that
are used to provide the haptic feedback such as described
herein. As discussed above, the computing device 500 may
also include one or more sensors 5635. The sensors may
include, but are not limited to, an 1mage sensor, an acceler-
ometer, an ambient light sensor, a gyroscope, a magnetometer
and so on.

The computing device 500 also includes communication
connections 543 that facilitate communications with addi-
tional computing devices 550. Such communication connec-
tions 345 may include a RF transmuitter, a receiver, and/or
transceiver circuitry, umiversal serial bus (USB) communica-
tions, parallel ports and/or serial ports.

As used herein, the term computer readable media may
include computer storage media. Computer storage media
may include volatile and nonvolatile media and/or removable
and non-removable media for the storage of information.
Examples include computer-readable instructions, data struc-
tures, and program modules. The memory 510, the removable
storage device 525, and the non-removable storage device
530 are all examples of computer storage media. Computer
storage media may include RAM, ROM, electrically erasable
read-only memory (E. JPROM) ﬂash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other article of manufacture which can be used to store
information and which can be accessed by the computing
device 500. Any such computer storage media may be part of
the computing device 500.

FIG. 6 1llustrates another exemplary computing device 600
according to one or more embodiments of the present disclo-
sure. FIG. 6 1s a block diagram illustrating the architecture of
an computing device such as computing device 100 shown
and described with respect to FIG. 1A or computing device
130 shown and described with respect to FIG. 1B. Although
various components of the device 600 are shown, connections
and communication channels between each of the compo-
nents are omitted for simplicity.

In certain embodiments, the system 6035 may execute one
or more applications or programs. These applications or pro-
grams 1nclude optical label generators, optical label detec-
tors, browser applications, email applications, calendaring
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applications, contact manager applications, messaging appli-
cations, games, media player applications and the like.

These programs, as well as other programs not specifically
discussed above may be loaded into a memory 610. Further,
these programs may be executed by, or in association with,
the operating system 615. Additional exemplary application
programs may include phone programs, e-mail programs,
personal information management (PIM) programs, word
processing programs, spreadsheet programs, Internet
browser programs, messaging programs, and so on. The sys-
tem 6035 may also include a non-volatile storage area 620
within the memory 610. The non-volatile storage area 620
may be used to store persistent mmformation. In certain
embodiments, the application programs may use and store
information in the non-volatile storage area 620. A synchro-
nization application or module (not shown) may also be
included with the system 605 to synchronize applications or
data resident on the device 600 with another computer or
device. In embodiments, the device 600 includes a power
supply 625. The power supply 625 may be a battery, solar cell,
and the like that provides power to each of the components
shown. The power supply 625 may also include an external
power source, such as an AC adapter or other such connector
that supplements or recharges the batteries. The device 600
may also include a radio 630 that performs the function of
transmitting and receiving radio frequency communications
Additionally, communications received by the radio 630 may
be disseminated to the application programs disclosed herein
the operating system 615. Likewise, communications from
the application programs may be disseminated to the radio
630 as needed.

The computing device 600 may also include a visual 1indi-
cator 635, a keypad 660 and a display 665. In embodiments,
the keypad may be a physical keypad or a virtual keypad
generated on a touch screen display 663.

The visual indicator 635 may be used to provide visual
notifications to a user of the computing device 600. The
computing device 600 may also include an audio interface
640 for producing audible notifications and alerts. In certain
embodiments, the visual indicator 635 1s a light emitting
diode (LED) or other such light source and the audio interface
640 1s a speaker. In certain embodiments, the audio interface
may be configured to receive audio nput.

The audio interface 640 may also be used to provide and
receive audible signals from a user of the computing device
600. For example, a microphone may be used to receive
audible 1mput. The system 605 may further include a video
interface 650 that enables an operation of an on-board camera
655 to capture, record or otherwise receive the encoded opti-
cal label. The camera 655 may also capture still images,
video, and the like.

In one or more embodiments, data and information gener-
ated or captured by the computing device 600 may be stored
locally. Additionally or alternatively, the data may be stored
on any number of storage media that may be accessed by the
computing device 600 using the radio 630, a wired connec-
tion or a wireless connection between the computing device
600 and a remote computing device. Additionally, data and
information may be readily transierred between computing
devices.

Embodiments of the present disclosure are described
above with reference to block diagrams and operational 1llus-
trations of methods and the like. The operations described
may occur out of the order as shown in any of the figures.
Additionally, one or more operations may be removed or
executed substantially concurrently. For example, two blocks
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shown 1n succession may be executed substantially concur-
rently. Additionally, the blocks may be executed in the reverse
order.

The description and illustration of one or more embodi-
ments provided 1n this disclosure are not mntended to limait or
restrict the scope of the present disclosure as claimed. The
embodiments, examples, and details provided 1n this disclo-
sure¢ are considered suificient to convey possession and
enable others to make and use the best mode of the claimed
embodiments. Additionally, the claimed embodiments
should not be construed as being limited to any embodiment,
example, or detail provided above. Regardless of whether
shown and described 1n combination or separately, the vari-
ous features, including structural features and methodologi-
cal features, are intended to be selectively included or omitted
to produce an embodiment with a particular set of features.
Having been provided with the description and 1llustration of
the present application, one skilled in the art may envision
variations, modifications, and alternate embodiments falling
within the spirit of the broader aspects of the embodiments
described herein that do not depart from the broader scope of
the claimed embodiments.

We claim:

1. A method for transmitting information from a first com-
puting device to a second computing device, the method
comprising:

generating an optical label on the first computing device;

generating a first frame of the optical label and a second

frame of the optical label wherein:

a first portion of the first frame of the optical label 1s
encoded 1n a first color and a second portion of the first
frame of the optical label 1s encoded 1n a second color;
and

a first portion of the second frame of the optical label 1s
encoded 1n a third color and a second portion of the
second frame of the optical label 1s encoded 1n a fourth
color; and

alternately displaying the first frame and the second frame

at a frequency such that the first color of the first portion
of the first frame 1s offset by the third color of the first
portion of the second frame and the second color of the
second portion of the first frame 1s offset by the fourth
color of the second portion of the second frame and
wherein alternately displaying the first frame and the
second frame at a frequency comprises alternately dis-
playing the first frame and the second frame at a fre-
quency at which the alternating frames are not percep-
tible by a human eye.

2. The method of claim 1, wherein the frequency 1s at least
s1xty frames per second.

3. The method of claim 1, wherein the first color and the
third color are 1n opposition to each other 1 a color space.

4. The method of claim 1, wherein the second color and the
fourth color are 1n opposition to each other 1n a color space.

5. The method of claim 1, wherein the optical label 1s
adapted to pair the computing device with a second comput-
ing device.

6. The method of claim 1, wherein alternately displaying
the first frame and the second frame at a frequency comprises
alternately displaying the first frame and the second frame at
a frequency at which the alternating frames are perceptible by
a sensor associated with the second computing device.

7. The method of claim 1, wherein alternately displaying
the first frame and the second frame at a frequency comprises
alternately displaying the first frame and the second frame 1n
a background image.
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8. The method of claim 7, wherein the background image 1s
a dynamic image.

9. The method of claim 1, wherein the optical label 1s
machine readable code.

10. A method for transmitting information between a first
device and a second device, the method comprising;:

capturing alternating frames of an optical label displayed

on the first device, wherein the alternating frames of the
optical label are displayed on the first device at a first
frequency that causes the alternating frames to be per-
ceptible by the second device but not perceptible by a
human eye and wherein the alternating frames of the
optical label are captured by the second device at a
second frequency;

processing the captured alternating frames to determine a

representation of the optical label; and

using the representation of the optical label to pair the first

device with the second device.

11. The method of claim 10, wherein the optical label 1s
machine readable code.

12. The method of claim 10, wherein processing the cap-
tured alternating frames comprises determining a temporal
average ol a sequence of the alternating frames to determine
an 1mage on which optical label 1s displayed.

13. The method of claim 12, wherein processing the cap-
tured alternating frames further comprises subtracting the
determined temporal average from the sequence of the alter-
nating frames to determine a representation of the optical
label.

14. The method of claim 13, wherein processing the cap-
tured alternating frames further comprises performing a color
space conversion on the representation of the optical label.

15. The method of claim 14, wherein processing the cap-
tured alternating frames further comprises determining where
cach pixel in the representation of the optical label falls within
a chroma plane.

16. The method of claim 15, wherein processing the cap-
tured alternating frames further comprises determiming
whether each pixel in the representation of the optical label 1s
at least a threshold distance away from an origin of the
chroma plane.

17. The method of claim 16, wherein processing the cap-
tured alternating frames further comprises assigning each
pixel 1n the representation of the optical label an encoded
value.

18. The method of claim 16, wherein processing the cap-
tured alternating frames further comprises determining a tem-
poral characteristic of each pixel.

19. A computer-readable storage medium encoding com-
puter executable instructions for performing a method for
transmitting information from a first computing device to a
second computing device, the method comprising:

generating an optical label on the first computing device,

the optical label having at least a first frame and a second
frame:

displaying a background image on a display of the com-

puting device; and

alternately displaying the first frame and the second frame

of the optical label on the first computing device at a
frequency that causes a color scheme associated with
first frame to be oflset by a color scheme associated with
the second frame such that the alternating frames are
blended within the background image and are not per-
ceptible by a human eye.

20. The computer-readable storage medium of claim 19,
wherein the optical label 1s machine readable code.




US 9,022,292 Bl

17
21. A computing device comprising;
a housing;
a display;

a processor; and
amemory coupled to the processor, the memory for storing 5
instructions which, when executed by the processor,
performs a method for generating an optical label on the
computing device, the method comprising:
generating a first frame of the optical label and a second
frame of the optical label wherein: 10
a first portion of the first frame of the optical label 1s
encoded 1n a first color and a second portion of the
first frame of the optical label 1s encoded 1n a sec-
ond color; and
a first portion of the second frame of the optical label 15
1s encoded 1n a third color and a second portion of
the second frame of the optical label 1s encoded 1n
a fourth color; and
alternately displaying the first frame and the second frame
at a frequency at which the alternating frames are not 20
perceptible by a human eye and such that the first color
of the first portion of the first frame 1s offset by the third
color of the first portion of the second frame and the
second color of the second portion of the first frame 1s
offset by the fourth color of the second portion of the 25
second frame.
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